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Abstract
The gene encoding spermidine synthase (spsA) was isolated from Dictyostelium discoideum using the technique of
insertional mutagenesis. Northern blot analysis showed that the spsA mRNA is expressed maximally during the vegetative
stage and decreases gradually during the 24 h of development. Sequencing of the genomic DNA and a full-length cDNA
clone indicated the presence of one intron in a gene coding for a predicted protein (SpsA) with 284 amino acids. The sequence
is highly conserved, with amino acid identities compared to spermidine synthases of humans, 59.5%, to mouse, 61.3%, and to
yeast, 58.1%. A null mutant of the spsA gene is unable to grow in the absence of exogenous spermidine. Development of spsA
null cells grown in the absence of spermidine produced fruiting bodies that have abnormally short stalks. ß 1999 Elsevier
Science B.V. All rights reserved.
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Polyamines such as putrescine (1,4-diaminobu-
tane), spermidine and spermine have been implicated
in a wide variety of essential biological reactions in-
cluding the biosynthesis of DNA and RNA in all
cells from those of man to Escherichia coli [1,2]. In
Dictyostelium, the major polyamines found in amoe-
bae are spermidine (1.6 mM), putrescine (10 mM)
and 1,3-diaminopropane (5 mM) [3,4]. One of the
actions of putrescine and spermidine in Dictyostelium
was reported to be that of stimulating tRNA meth-
yltransferases. When these enzymes were assayed in
Mg2-free extracts they were found to be inactive
unless polyamines were added. Putrescine at 10 mM
and/or spermidine at 1^2 mM stimulated the trans-
methylation reaction in vitro to a maximal rate and
to an optimal extent, whereas 1,3-diaminopropane,
which is formed from spermidine, was not e¡ective
at physiological concentrations [4].
In polyamine biosynthesis, the enzyme spermidine
synthase (putrescine aminopropyltransferase, EC
2.5.1.16) converts putrescine to spermidine by trans-
fer of a propylamine group from decarboxylated S-
adenosylmethionine to putrescine [1,2]. Using the
gene disruption technique of restriction enzyme
mediated integration (REMI) [5], we have isolated
the spermidine synthase gene from Dictyostelium dis-
coideum and have designated it spsA. Selection for
the disruptant used the uracil auxotrophic strain
DH1 (lacking the uridine monophosphate synthase
gene ura) which was converted to a uracil prototroph
by random integration of plasmid pDIV5 (bearing
the ura (DdPYR5-6) gene) [6,7]. One of the clones
isolated in this way was unable to aggregate (agg3)
during starvation. The sequence £anking the inser-
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tion site of this clone was rescued by digestion of its
genomic DNA with BclI (an enzyme that does not
cut the inserted vector), ligation and transformation
into E. coli. The rescued E. coli plasmid was found to
contain 4.1 kb of Dictyostelium DNA (Fig. 1A). Re-
introduction of the rescued plasmid with its £anking
DNA into a wild-type host by homologous recombi-
nation gave the original agg3 mutant phenotype.
Southern blot analysis con¢rmed that the original
disruption event and the insertion by homologous
recombination occurred at the same site (data not
shown).
The original REMI insertion was found to be in
the 5P non-coding region of a gene identi¢ed as the
spermidine synthase (spsA) gene (Fig. 1A). To test
the e¡ect of disruption in the gene coding region, a
spsA knockout strain was constructed in the devel-
opmentally competent strain AX2. To produce the
knockout, homologous recombination was used to
insert the blastocidin resistance gene at the EcoRI
site of the spsA coding region (Fig. 1B). Unlike the
original REMI disruptant, which had the agg-minus
developmental phenotype, the knockout strain in the
coding region (spsA3/AX2) showed wild-type ability
to aggregate and develop on nutrient agar plates.
The reason for the agg-minus phenotype in the
REMI mutant is presently unknown. (The original
REMI insertion site was found to be 263 bases up-
stream of the start code of the spsA gene, so it might
possibly have had some regulatory e¡ect on this
gene, although this is hard to rationalise with the
lack of an agg-minus phenotype in the spsA knock-
Fig. 1. (A) Schematic of REMI insertion. The dark boxes indicate the coding regions of spermidine synthase gene. The REMI vector
consisted of a pGEM plasmid with the ura selection marker. The £anking sequence was rescued using BclI. Note that the insertion
was in the 5P non-coding region of the gene. (B) Schematic of the spsA knockout (KO) insertion. DNA bearing the blastocidin resist-
ance gene was inserted into the EcoRI site of a fragment of the spsA coding region and this construct was then integrated into the
spsA gene of parental AX2 cells by homologous recombination. (C) Expression of Dd spermidine synthase RNA from the wild type
and its absence from the spsA knockout strain shown in B. Starving cells were developed on non-nutrient agar and total RNA was
extracted from the strains at the time of development indicated and hybridised with 32P-labelled Dd spsA cDNA [6,7].
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Fig. 2. Genomic sequence of Dd spermidine synthase gene (spsA) and the deduced amino acid sequence. The REMI insertion site (S)
and the knockout insertion site (P) are indicated.
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out strain. Alternatively, the REMI insertion may
have a¡ected an independent gene upstream of
spsA, although sequencing of the DNA upstream of
the REMI insertion site did not reveal another gene
before 1151 bases.)
The sequence of the rescued genomic DNA is
shown in Fig. 2. The open reading frame is inter-
rupted by an intron of 119 bases, consisting of great-
er than 90% A/T. This sequence was con¢rmed with
a cDNA clone isolated from a Dictyostelium vegeta-
tive stage V ZAP library (a kind gift of Glaucia Sou-
za, Sao Paulo, Brazil) using the rescued DNA as a
probe. The cDNA, which contained the complete
coding sequence of the gene was found to be 1 kb
in length.
Northern blot analysis using a full length cDNA
as a probe showed a 1 kb mRNA band that was
present strongly at the start of development in the
wild-type strain, and decreased gradually from 0 to
24 h of development on ¢lters (Fig. 1C). As expected,
mRNA expression in the knockout strain was not
detectable (Fig. 1C).
The deduced 284-amino-acid sequence shows re-
markable evolutionary conservation, with 59.5%
identity of the amino acid sequence to that of human
spermidine synthase (Fig. 3A). It also shows a high
level of identity to mouse (61.3%), yeast (58.1%) and
E. coli (41.5%) spermidine synthases (Fig. 3B). We
note that the ¢rst 17 amino acids of the human sper-
midine synthase (which are not found in bacterial
Fig. 3. (A) Homology of D. discoideum spermidine synthase amino acid sequence (upper sequence) to that of the human spermidine
synthase (lower sequence). (B) Homology of spermidine synthase sequences from D. discoideum, mouse [8], human, yeast [10] and E.
coli [11].
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spermidine synthase and are encoded mostly by nu-
cleotides in a region of sequence repeats) are absent
from the Dictyostelium gene, a result which is con-
sistent with a retroviral origin for these residues in
the human gene as suggested by Wahlfors et al. [9].
Because the nutrient growth plates contained poly-
amines from the added yeast extract, it was unlikely
that the spsA mutants lacked spermidine during
growth or subsequent development. To determine
the e¡ects of spermidine starvation, the spsA3
knockout strain and the wild-type cells were cultured
in polyamine-free synthetic ‘FM’ media [12] at 105
cell/ml, with shaking at 220 rpm and 22‡C. It was
found that the spsA3 cells grew very slowly indeed in
Fig. 4. (A) Growth of parental wild-type strain AX2 and the spsA3 mutant in synthetic FM medium with or without added spermi-
dine (spd). (B) Development of starving parental AX2 cells (left) and spsA3 knockout mutant cells (right) that had been grown in
polyamine-free FM media. Cells were plated onto non-nutrient agar (3.5U105 cells/cm2) and developed for 40 h at 22‡C.
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the absence of added spermidine FM (Fig. 4A).
When spermidine was added it restored the growth
rate in proportion to the amount added between
1036 and 1034 M, the growth rate with 1034 M
spermidine being close to that of the wild-type cells
(Fig. 4A).
To test the e¡ects of spermidine deprivation during
the growth phase on the subsequent development of
Dictyostelium, cells grown in polyamine-free FM me-
dia were plated on non-nutrient agar plates. It was
found that the spsA3 knockout mutant cells devel-
oped only slightly slower than the wild type but
showed dramatically shorter stalks (Fig. 4B). Control
cultures of mutant cells grown in FM media with
added (1034 M) spermidine were found to develop
with normally proportioned fruiting bodies (data not
shown). Similar phenotypes were observed for cells
developed on agar or Millipore ¢lters although the
mutant phenotype was sometimes more severe on
agar than that seen for cells (from the same experi-
ment) developed on Millipore ¢lters. Somewhat sim-
ilar short stalk phenotypes have been reported in
strains that have an overexpressed PKA gene [13]
or in wild-type strains exposed during development
to ammonia (330 WM) [14]. The reason for this phe-
notype in spsA knockout mutants is unknown but we
speculate that it is more likely to be connected with
the e¡ect of the lack of spermidine during the growth
phase rather than directly on development, as it has
been reported [15^19] that the prespore:prestalk ra-
tio during development is critically dependent on the
ratio of the cell population drawn from the S/G2/M
phases of the cell cycle in this organism.
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